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Abstrat
We have revealed evident errors in the statistial analysis, performed by Klapdor-
Kleingrothaus et al in a reently published paper [1℄ to establish a limit on the stability
of eletron with respet to the deay into ν+γ. The performed reestimation of the sen-
sitivity of the experimental setups to the 256 keV gamma emitted in the hypothetial
eletron deay, has shown that the limits on the eletron stability and harge nonon-
servation parameter ǫ
2
eνγ presented in [1℄, have been overestimated by at least a fator
of 5.
PACS: 13.35.-r; 13.40.Hq; 14.60.Cd; 11.30.-j
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Inongruity of the analysis is evident already from the omparison of the sensitivity estimate
with the "1σ" method and the results of the maximum likelihood and χ2- analysis, the latter
two give the result by a fator of 3-5 better. The most evident manifestation of errors in
the analysis an bee seen in Table 7 of Ref.[1℄ (alled hereafter the KKKT artile):
1. The best t of the ANG2 data set ontains 89.444±63.058 events
1
in the peak orre-
sponding to ∼256 keV (me/2) γ from hypothetial eletron deay e → ν + γ for the
ME ase
2
. As follows from the text of the artile the error in this number is ited
at 68% .l. (it is alled an indiation of a signal on a 1.4 σ .l.). The orresponding
upper limit on the number of events in the peak, λ, already at 50% .l., should be
higher than the entral value of 89 in most pratial ases of any almost-symmetrial
χ2- prole shapes. Instead of the above it is laimed to be only 38 events at 68% .l.
1
We are reproduing the number of signiant digits, following the original text of the KKKT artile.
2
See the original text of the KKKT artile [1℄ to explain the abbreviations, we are also iting a number
of values from the KKKT artile without going too muh into details.
1
2. The upper limit on the number of events in the 256 keV peak obtained for ANG4 set,
is 4.789 events at 68% .l. This value is lower than 1σ statistial error on the ontent
of a single bin in Fig. 8d, while the FWHM peak width is about 20 bins and the mean
bin ontent is > 50 events.
These evident errors, together with the fat that an "indiation of a signal on 1.4 σ" for
1.94×1026 yr is exluded both by the results of the Borexino [2℄ and DAMA [3℄ ollaborations
with more than 90% probability, onvined us to have a loser look at the results of KKKT.
The results from the KKKT artile are summarized in Table 1 (the data are taken from
Tables 5 and 7 of the KKKT artile; for the sake of simpliity we are iting only the ME ase
at 68% .l.). These are the results of the analysis of experimental data with the 1σ method
("1σ" olumn) and with the standard least square proedure (χ2 olumn). One an see
inompatibility of the values in Npeak and λ subolumns, the most evident disrepanies are
desribed above.
In order to hek the ahievable sensitivity when looking for the gaussian shape on the
linear bakground, we have applied a toy model onsisting of a gaussian peak superimposed
on the linear bakground. For the toy model we used the bakground level for the orre-
sponding data set from the KKKT artile, the region of analysis was set to 100 keV with the
bin width of 0.36 keV, and the 1σ width of the gaussian peak orresponded to the Doppler-
broadened line of 3.25 keV. The number of the events that an be eliminated at 1σ level
was dened for a large number of samples by using the MC method. For eah sample a set
of randomly distributed events was simulated with the xed mean number of events in the
gaussian peak, then we tted it with linear+Gauss analytial shape. The sensitivity at 68%
ondene level in this approah orresponds to the mean number of events in the peak for
whih the χ2 value inreases by ∆χ2 = 1. The results are presented in "MC" olumn of
Table 2.
Comparing the λ values in MC olumn to the KKKT 1σ estimate one an see that
the toy model gives the same level of sensitivity, onrming the KKKT estimation with
the 1σ method. Nevertheless, the values of λ obtained by KKKT with the χ2 method are
signiantly (by 2-10 times) lower than their own estimates with the 1σ method.
There is no desription of the χ2- prole analysis in the text of the KKKT artile. It is
also not lear how many free parameters were used, what is the preise n.d.f, and whether the
result depends on the lower and upper limits of the analysis region. The number of the events
in the peak (peak area) seem to have been taken diretly from the minimization program
together with the error on this number. In priniple, the orret limits with aeptable
preision an be reprodued by using these data. The results are presented in Table 2. The
data of λ are obtained assuming the normal shape for the χ2- prole with the entral value
and variation taken from the third olumn of Table 7 of the KKKT artile (these values
are reprodued in Npeak olumn of Table 1). Our limits have been alulated by using the
Bayesian approah (see i.e. [4℄, the prior knowledge in our ase is the restrition of the
positively dened eet). The limits on the life-time realulated by using these values are
presented in the next olumn. Only the ME ase for 68% .l. is shown, analysis for 90% .l.
and the AE ases an be performed in the similar way with the same onlusions.
As it is seen from our estimations the best limit that an be obtained (τ = 3.9×1025 yr at
68% .l. for ANG4 setup) is very lose to that already existed for the HPGe (τ = 3.7× 1025
yr at 68% .l. [5℄). The most surprising fat is that it pratially oinides with the estimate
of the sensitivity obtained by KKKT themselves with the 1σ method. As a result, the life-
time limits in the KKKT artile from the χ2 analysis are by a fator of 2 till 10 stronger
than the estimated sensitivity, and by a fator 3 till 5 higher than the values that an be
obtained from the values presented as the "Peak area".
3
3
The same is true for the limits on the harge- nononservation parameter ǫ2e→νγ , derived from the upper
2
1σ method χ2
Detetor λ τ Npeak λ τ
events years (peak area) events years
ANG1 49 5.8× 1024 −38.187± 51.077 13.216 2.146× 1025
ANG2 61 3.3× 1025 89.444± 63.058 38.354 5.285× 1025
ANG3 64 2.2× 1025 −38.301± 67.374 13.216 10.76× 1025
ANG4 46 2.0× 1025 −76.249± 47.401 4.789 19.33× 1025
ANG5 73 3.0× 1025 −33.273± 75.947 14.343 15.69× 1025
Table 1: Data from the KKKT artile (68% .l.; ME ase only).λ is an upper limit on the
number of events in the peak from the hypothetial eletron deay, τ is the orresponding
life-time limit.
MC χ2
Detetor λ(68% .l.) λ(68% .l.) τ (68% .l.)
events events years
ANG1 46 36 7.8× 1024
ANG2 58 119 1.7× 1025
ANG3 62 51 2.8× 1025
ANG4 44 24 3.9× 1025
ANG5 71 61 3.7× 1025
Table 2: Reestimation of the life-time limits (68% .l.; ME ase only).
In the proper analysis one should take the signal from all eletrons (the AE ase) into
aount, not only from the outer shells, that an obviously hange the sensitivity. The limit
for the AE ase is inferior to the existing for the HPGe, so there is no need in a more detailed
analysis.
Some words should be written on the model used to desribe the underlying bakground.
The quality of the t for 4 sets is bad (χ2 ≃ 390/280, this value of χ2 from the formal
statistial point of view, rejets the model with a very high probability) and only for the
ANG2 set it has an aeptable quality (χ2 ≃ 280/280). If the data are obtained under the
same onditions (whih seems to apply at least to 4 detetors of Setup 1), then the model
should give a statistially ompatible desription for all sets. The quantitative omparison of
the data sets an be performed using Fisher's F-distribution
χ2
2
χ2
1
= F (p, ν, ν) as a signiane
test, where ν is a number of the degrees of freedom and p is a ondene level (see i.e.[6℄).
Solving equation F (p, 280, 280) = 390/280 with respet to p, one obtains the statistial
probability of the data set with lower χ2: p = 0.003. This denitely points on the systematis
problem with the data set ANG2
4
.
The linearity of the bakground has not been justied in the KKKT artile, moreover,
all the ompatible sets ontain the statistially evident hole in the bakground just in the
plae where the eet is searhed for.
limits on the eletron life-time. Using the best established limit on the eletron life-time (τe→νγ > 4.6×10
26
y, 68% .l. [2℄) and the upper limit on the photon mass (mγ < 7 × 10
−19
eV [4℄), from formula ǫ2
e→νγ
=
(
mγ
me
)2 5.6×10−25
τe→νγ [y]
[3℄ one an obtain the best restrition on the parameter ǫ2e→νγ < 0.23× 10
−98
.
4
or, if we assume that the linear model of the underlying bakground is valid, the situation is inverted,
and in this ase the data for all detetors exept ANG2 should have systemati problems. The question
what the real situation is should be addressed to the KKKT authors.
3
Conlusions
Our analysis of the data presented by KKKT in [1℄ has shown that the upper limit on the
eletron deay is overestimated by at least a fator of 5. The statistial analysis of the
KKKT ontains evident errors. Moreover, one of the presented data sets (ontaining an
"indiation of a signal" on 1.4 σ) is statistially inonsistent with 4 others, pointing out on
possible systemati problems with the experimental data. The model used in [1℄ to t the
underlying bakground has the same problems of statistial inompatibility.
The best limit that an be obtained by using the KKKT data is omparable to the one
established previously for the HPGe. The KKKT restrition for harge nononservation
ǫ2e→νγ < 0.86 × 10
−98
is not valid either, sine it is based on the overestimated eletron
life-time. Instead of the above the restrition ǫ2e→νγ < 2.3 × 10
−99
at 90% .l. an be
alulated from the modern best limit on the eletron life-time τe→νγ > 4.6× 10
26
yr (90%
.l.) established by the Borexino ollaboration.
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